In order to build an environment-friendly society and realize the coordinated allocation and effective utilization of resources and finally achieve China's energy supply security, it is imperative to vigorously develop new energy sources. This study establishes a four-level new energy power generation (NEPG) development index system from multiple dimensions. Taking the installed capacity and generating capacity of China's NEPG in 2016 and 2017 as samples, we used the improved entropy method, to analyze the development of different types of NEPG among 31 provinces from three aspects: absolute value, relative value, and incremental value. Finally, we comprehensively evaluated the NEPG development in each province. The empirical analysis shows that the spatial distribution of NEPG development in China is uneven, the growth rate is different, the development gap is obvious, and the development efficiency is quite different.
Introduction
Climate deterioration, the energy crisis, and air pollution have become the three major problems facing humanity. It is necessary to implement energy conservation and emission reduction, develop new energy sources, and promote green sustainable development [1] . Global energy is transforming into an efficient, clean, and diversified sector, and the energy supply and demand pattern is shifting from traditional energy to new energy [2] . New energy generally refers to renewable energy that is developed and utilized on the basis of new technologies, including nuclear energy, hydro power, wind energy, solar energy, bioenergy, and tidal energy [3] . Countries around the world have paid more and more attention to environmental protection, advocated energy conservation and emission reduction, and introduced measures to encourage the development of NEPG, thus promoting the rapid development of NEPG.
In recent years, China's economy has developed very rapidly, the consumption of resources such as oil and coal has leapt to the top of the world. The excessive exploitation of traditional energy has also brought about various environmental problems [4] . It is an irresistible trend to develop NEPG instead of traditional energy generation [5] . In recent years, China's NEPG development is obvious to all. In 2018, the global installed capacity of renewable energy power generation reached 2157.76 GW, of which China's was 695.87 GW, accounting for 32.35% [6] . In his report on the 19th National Congress of the Communist Party of China, General Secretary Xi pointed out that it is necessary to vigorously develop new energy sources and promote the construction of ecological civilization, which fully reflects China's high regard for the development of new energy sources [7] . For all levels of government in The evaluation methods for the development of new energy sources include the grey prediction method, multi-objective decision making method, and scenario analysis method; for example, using grey prediction models for forecasting China's growth trends in renewable energy consumption [31] . A new error correction grey prediction model is used to predict the degradation of renewable energy storage, this method can ensure the accuracy of long-term prediction [32] . Exponential decomposition analysis studies the energy consumption or energy efficiency of a country or region over time [33] . A multi-objective decision making method is often used to construct a comprehensive indicator system to evaluate sustainable energy indices in different economies [34] . In view of the fact that the selection of new energy supply systems has many conflicting standards, the fuzzy ideal point method is used to rank renewable energy supply systems in a certain region [35] . The entropy method determines the weight of each indicator in the model by judging the discrete degree of an index, so that the development is evaluated objectively [36] .
In summary, domestic and foreign researches on the development of NEPG mainly focuses on influencing factors and technological innovation. The evaluation of the development of traditional energy and single new energy is relatively mature, but the evaluation for the new energies from a comprehensive view is relatively underdeveloped. Compared with the previous studies, this paper mainly explores the comprehensive evaluation. First, we built a comprehensive evaluation model for the NEPG development. Then, we analyzed the NEPG development among 31 mainland China provinces and from multiple dimensions. The entropy method is improved when the indices are weighted, to ensure the objectivity and accuracy of empirical analysis, and using the k-mean clustering method to cluster the evaluation results [37] . The research results of this study can help the provinces in China to clearly understand the development of their NEPG, and also contribute to the policy formulation.
Model Construction and Variables Description
This study built a comprehensive evaluation model using the entropy method from different dimensions, so as to directly reflect the NEPG development. Then we conducted an empirical analysis of the NEPG development in China. We first built the indicator system, then weighted the indices, and finally conducted a comprehensive evaluation [38] .
Regional NEPG Development Index System in China
Based on principles such as representativeness, rationality, operability, and sustainability, the four-tier comprehensive evaluation index system, as shown in Table 1 , is constructed to reflect China's regional NEPG development [39] .
The first-tier indicators are the overall level of development of NEPG. The second-tier indicators analyze the absolute, relative, and incremental development of NEPG in different provinces. The third-tier indicators assesses the development of five different types of new energy sources through comparing the absolute/relative/incremental values. The four-tier indicators take installation capacity and generation capacity as two sub-indicators to measure the NEPG development. Table 1 . New energy power generation (NEPG) development index system. 
First-Tier Indicators Second-Tier Indicators Third-Tier Indicators Four-Tier Indicators

Regional NEPG Development Model in China
Indicators Weight of Regional NEPG Development in China
The entropy method is a relatively objective method for determining weights. We made some improvements to this method with reference to other scholars' researches [40] . Assume that there is n provinces, m evaluation indicators, and raw indicator data matrix in the comprehensive evaluation model of China's regional NEPG development is:
The raw data x ij is the jth indicator of the i province, and the max(x ij ), min(x ij ) respectively represent the maximum and minimum values of the indicator. x ij is the standardized data, x ij ∈ [0, 1].
p ij is the proportion of x ij :
Entropy value e j of the index m:
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NEPG Development Comprehensive Evaluation Model in China
Under the calculation order, NEPG development comprehensive evaluation model in China is composed of the three-layer model, which are underlying, middle, and top layer. Additionally, the comprehensive evaluation model adopts the linear weighted synthesis method:
S j , w j , q ij respectively represent the comprehensive evaluation result, indicator weight, and the standardized indicator value.
The underlying layer model:
The underlying layer model is based on the four-level indicators, which are the installation capacity and generation capacity of five types of new energy generation (absolute value, relative value, incremental value). On the basis of obtaining the weights of various indicators, the development of different types of NEPG are further calculated.
• Absolute development evaluation model
x is one of five new energy source, A x is the absolute development of a new energy source, A x1 , A x2 are the absolute installation capacity and absolute generation capacity of a new energy source. W 1x1 , W 1x2 are the weights of A x1 and A x2 respectively.
• Relative development evaluation model
x is the relative development of a new energy source, B x1 , B x2 are the relative installation capacity and relative generation capacity of a new energy source. W 2x1 , W 2x2 are the weights of B x1 and B x2 respectively.
• Incremental development evaluation model
C x is the incremental development of a new energy source, C x1 , C x2 are the incremental installation capacity and incremental generation capacity of a new energy source. W 3x1 , W 3x2 are the weights of C x1 and C x2 respectively.
The middle layer model:
The middle layer model mainly compares the NEPG development in different provinces. It reflects the development of the same evaluation index among different provinces from absolute value, relative value, incremental value.
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A is the absolute NEPG development, and W 1x is the weight of A x .
• The relative development evaluation model:
B is the absolute NEPG development, and W 2x is the weight of B x .
• The incremental development evaluation model:
C is the absolute NEPG development, and W 3x is the weight of C x .
The top layer model:
According to the calculations mentioned above, we can further comprehensively evaluate the NEPG development in each province.
S is the comprehensive evaluation result of the NEPG development in a certain province, and W 1 , W 2 and W 3 respectively represent the weight of three aspects (absolute value, relative value, incremental value) development of NEPG in a certain province.
In view of the fact that the results obtained by the improved entropy method are not convenient for further calculation, we use the deviation standardization method to convert the index value into a value of interval [0, 100] [41] .
Empirical Analysis
Basic Data
We selected the installation capacity and generation capacity data of NEPG in the year of 2016 and 2017 in 31 mainland China provinces as the main evaluation indicators. All the data used in this research is sourced from the website of the National Bureau of Statistics of the People's Republic of China [42] .
Analysis and Discussion
Spatial Distribution of NEPG Development
According to the installation capacity and generation capacity of NEPG in each province in 2016 and 2017, the NEPG development in each province was analyzed from different dimensions. The comprehensive evaluation results are shown in Appendix A Table A1 . Based on the comprehensive evaluation results, we have drawn a spatial distribution map of the NEPG development. The deep color area indicates that the province has a higher level of development of NEPG, as shown in Figure 1 . It can be seen from the figure that the provinces with higher development are mainly distributed in the southwest and eastern coastal areas.
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Analysis of the NEPG Development
In order to further understand the comprehensive development level of new energy sources as well as the absolute, relative, and incremental development levels in China, the provinces are ranked based on the indicators of the NEPG development, thus obtaining the development status and development priorities of NEPG in China at the provincial level, as shown in Table 2 . Hubei Hubei Heilongjiang Henan 
In order to further understand the comprehensive development level of new energy sources as well as the absolute, relative, and incremental development levels in China, the provinces are ranked based on the indicators of the NEPG development, thus obtaining the development status and development priorities of NEPG in China at the provincial level, as shown in Table 2 . Guangxi ranks first in terms of comprehensive development mainly due to its endowment of natural sources and efficient utilization. There is no need for further development at this stage. Zhejiang, Sichuan, Shandong, Guangdong, Jiangsu and other provinces have developed new energy power in recent years. However, traditional energy sources still dominate.
NEPG Development Cluster Analysis
Based on the result of deviation standardization [43] , we use MATLAB R2016a to perform k-means cluster analysis on the comprehensive evaluation results of China's regional NEPG development. The results are shown in Figure 2 . The results of cluster analysis divide the NEPG development in China into five categories:
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NEPG Development Cluster Analysis
Based on the result of deviation standardization [43] , we use MATLAB R2016a to perform k-means cluster analysis on the comprehensive evaluation results of China's regional NEPG development. The results are shown in Figure 2 . The results of cluster analysis divide the NEPG development in China into five categories: From the results of the cluster analysis, it can be seen that the NEPG development in China is quite different among provinces. The average scores of the five types of NEPG development are 98.23, 76.07, 56.65, 37.65, and 21.14, respectively, and the gap is very obvious.
Analysis of Development Efficiency of NEPG
This study further analyzes the efficiency of China's regional NEPG development by calculating the corresponding relationship between the comprehensive evaluation results of NEPG development and the per capita GDP of each province, as shown in Table 3 . The "Development efficiency" is obtained by dividing "Comprehensive evaluation level" by "Per capita GDP". Take Guangxi as an example: 0.002625 = 100 ÷ 38102.
It can be seen from Figure 3 that the development efficiency of NEPG in Tianjin, Beijing, Shanghai, Chongqing is relatively low, while that of Guangxi, Sichuan Yunnan, and Heilongjiang is relatively high. Obviously, the development efficiency among provinces changes greatly from each other. Provinces with higher per capita GDP have lower development efficiency. 
Robustness Test
In order to test the accuracy and credibility of the above calculations, we tested the robustness of the analysis by changing the calculation method for standardizing the sample data. In the previous, we used the deviation standardization method to process the sample data. Now we use the Z-Score standardization method to process the sample data [44] . ij x ′′ indicates standardized data: 
In order to test the accuracy and credibility of the above calculations, we tested the robustness of the analysis by changing the calculation method for standardizing the sample data. In the previous, we used the deviation standardization method to process the sample data. Now we use the Z-Score standardization method to process the sample data [44] .
x ij indicates standardized data:
x is the mean of the sample data, and σ is the standard deviation of the sample data. To eliminate the effects of negative numbers, we add a positive a pairs of data to translate:
Then, the improved entropy method is used to recalculate the comprehensive evaluation results of China's regional NEPG development level, as shown in Appendix A Table A2 . We compare and rank the two results of the comprehensive evaluation based on different methods, as shown in Table 4 . The rankings outputted by the two methods are basically the same, and only a few provinces have slight change in ranking. This study uses Pearson correlation analysis to verify the correctness of the NEPG development calculated by two different standardized methods [45] .
α, β are the average of α and β, N is the total number of observations, in this study N = 31. Using software SPSS 22.0 to analyze the two groups of data, the Pearson correlation coefficient is 0.993, which indicates that the results calculated by the two methods are highly positively correlated. It is concluded that the results of the calculation using the improved entropy method are accurate and reasonable.
Conclusions and Implications
Research Conclusions
In the context of global focus on new energy and advocacy for green sustainable development, China has made great achievements in improving the utilization rate of new energy power generation and reducing air pollutants emissions. However, there are both challenges and opportunities facing China [46] . This study quantitatively analyzes the development of regional NEPG based on panel data of 31 provinces in China. The conclusions are as follows:
1.
The spatial distribution of NEPG development in China is uneven. The coastal, southwestern, and northeastern provinces with better nature endowment in developing new energy gain a higher level of comprehensive development and utilization of new energy. The empirical analysis demonstrates that the comprehensive development of most central provinces, which lack the natural advantages of developing new energy, is still underdeveloped.
2.
The growth rate of NEPG in China varies from province to province. Provinces with higher levels of development, such as Guangxi, have slowed down in recent years, paying more attention to the scientific and rational use of new energy sources and moderate development. More and more provinces pay more attention to the development of NEPG.
3.
The NEPG development at regional level in China is unbalanced. The results of cluster analysis showed that the first two categories with higher comprehensive evaluation had only six provinces, and the comprehensive evaluation results of most provinces were below 65 points, and the gap between the regions was large.
4.
The province may perform quite different in development efficiency and the comprehensive evaluation results of NEPG in China. The comprehensive evaluation results of coastal developed provinces are relatively high, but the development efficiency is relatively low; the development of NEPG in emerging provinces is developing rapidly and the market development potential is huge there.
Practical Implications
Based on the above conclusions, the revelations are as followed:
1.
At the national level, macro-control of regional NEPG development should be implemented. Regions with poor development of NEPG should encourage vigorous development of new energy by increasing policy and financial support.
2.
At the provincial level, coordinated energy policy should be introduced across provinces. On the basis of the uneven development of NEPG in all dimensions, the provinces can actively explore and formulate corresponding NEPG development strategies according to their own development conditions and local conditions.
3.
More exchanges between the provinces and mutual experience. More interactions between different regions should be carried out, to replicate the advanced development concepts and methods of provinces with higher energy development, to help other provinces to reduce environmental damage, reduce waste of resources, and work for sustainable human development.
4.
The methods and conclusions of this study could be used for reference by other countries, especially for countries vast in territory. When developing NEPG, those countries probably encounter the problems of unbalanced regional development and unequal natural advantages of new energy. This research may provide reference in formulating policies and exploring the emerging market. 
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